Continuous glucose monitoring (CGM) systems use trend arrows to accurately display the anticipated glucose curve for the user. These are used for both "real-time" glucose monitoring and for intermittent scanning glucose monitoring. Trend arrow data are used by people with diabetes to make corrections to their glucose control. It is essential that they are correctly interpreted when adjusting insulin doses and to ensure that appropriate treatment decisions are made. The aim of this article is to provide general treatment guidance for diabetes teams and for people with diabetes using CGM in the context of trend arrows. This is based on previous recommendations for interpreting trend arrows without losing sight of the need for individual therapy adjustment.
Review Article
The use of continuous glucose monitoring (CGM) systems has greatly increased in people with diabetes, and they have become one of the key components of effective diabetes selfmanagement. [1] [2] [3] [4] [5] CGM systems can be based on real-time CGM (rtCGM) or on CGM with intermittent scanning (iCGM) both of which measure glucose levels in the interstitial fluid (ISF). CGM systems also provide trend arrow information on the direction and rate of change (ROC) of glucose. These trend arrows help users to anticipate short-term future glucose levels. With rtCGM systems, trend arrow data can provide an instant insight into fluctuating glucose levels using an alarm function. For iCGM systems the sensor data are available to the user upon active scanning with a receiver. On average, glucose levels are scanned 9-15 times a day by a patient using iCGM. [6] [7] [8] It has been observed that an increased scanning frequency improves the awareness of the user for glucose self-management. 7 Depending on the system, CGM provides between 288 (every 5 minutes) and 1440 glucose measurements (every minute) per day. 9 Based on the ROC of the glucose readings stored over the last 15 minutes, the trend arrow displayed on the reader will indicate whether glucose levels are rising, falling or are stable. 10, 11 This graphic information in the context of the current glucose level enables people with diabetes to take action to adjust their glucose levels in a timely manner, for example by taking insulin or intake of carbohydrates.
It is important to note that trend arrows are based on retrospective data in accordance with the specifications of the Clinical Laboratory Standard Institution in the Performance Metrics for Continuous Interstitial Glucose Monitoring. Consequently, this can lead to a situation in which the glucose levels that are currently being measured are rising, while the retrospective trend arrow is pointing downward. 12 In such cases of doubt, CGM users should always make their treatment decision based on the current CGM data rather than the trend arrows.
The aim of this article and the recommendations it contains is to provide an overview of the methodology and manufacturer-dependent definitions of trend arrows. The article also aims to establish the relevance of trend arrows for immediate treatment decisions made by patients, and to outline the associated challenges. By reviewing recent publications on this topic, we also aim to provide on this basis recommendations for interpreting trend arrows and making subsequent changes to treatment that are generally applicable and practical but also individually adjustable and in the context of the separate systems available. Table 1 describes the characteristics of trend arrows that are displayed by CGM systems currently available in Germany (as of October 2018).
13-16

Trend Arrow Information and Its Evaluation
Comparison of Trend Arrow Information
The summary in Table 1 details the different underlying rates of change (ROC) in glucose levels indicated by the trend arrow displays on different CGM devices: the ROC is calculated using the glucose levels per minute over the previous 15 minutes and are stated in mg/dL or mmol/L per minute.
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For example, ROC of 2 mg/dL (0.1 mmol/L) per minute means that under otherwise steady state conditions, the glucose level will change by about 60 mg/dL (3.3 mmol/L) in the next 30 minutes.
An ROC <1 mg/dL (0.05 mmol/L) per minute is considered stable and commonly represented by a horizontal trend arrow. An upward or downward trend greater than this is indicated by different CGM systems and quantified visually using different trend arrow graphics.
To be able to better evaluate the clinical relevance, a calculation of the change over a 30-minute period is useful (Table 2 ). This allows a glucose level to be estimated such that any necessary treatment decisions can be taken in this 30-minute window. It is important to note that the measured ISF glucose levels do not correspond to blood glucose levels at any time point but are associated with a time lag, particularly at times of rapidly changing glucose. 21 To date, there is no evidence-based recommendation for how these differences can be adjusted or factored into safe treatment decisions. (Tables 1 and 2 ). Although the CGM systems listed here can have visually comparable graphic displays to illustrate changes in glucose levels to the user, an underlying uniform pattern is missing. 15 This lack of standardization can be problematic in routine clinical use. Thus, there is a need for diabetes health care professionals and people with diabetes who use CGM to be familiar with the specific principles underlying the trend arrow displays for the particular system being used. Also, it must always be noted that the arrows represent trends and do not provide definitive numerical values. 22 A study comparing the trend arrow data obtained from the ISF with continuously measured blood glucose values has revealed important discrepancies. 23 The predictive trend arrow indications matched the values from the blood glucose measurements in 61.1% (Dexcom G5) and 58.5% (FreeStyle Libre) of cases, respectively. As previously stated, the trend arrow information and the real-time glucose curve can differ, 12 however this does not mean that the system provides incorrect calculations for the trend arrows. In addition, one should be aware of the fact that different situations can influence the accuracy of CGM sensors, as compression or hot bath.
Therefore, assessing the real-time CGM data and trend arrow information as the basis for both short-term and medium-term adjustments in treatment presents a challenge, both for diabetes teams and for CGM users. Out of the large volume of data available, reliable, easy-to-use treatment guidelines for interpreting these values and trends must be generated for routine clinical use. 24 This can be achieved with the recommendations in this article.
Previous Recommendations for Adjusting Doses Based on Trend Arrow Categories
For the reasons indicated above, general recommendations for treatment decisions should take into account both the trend arrows and the different ROC in glucose that they reflect. Ultimately, these recommendations must be individually adjusted to accommodate personal distinctions and different CGM devices. To date, there have been five recommendations published for how to respond to trend arrow information ( Table 3) .
The 
Calculated from the retrospective data over the last 15 minutes, the trend arrows in the different systems indicate approximately how ISF glucose levels will rise or fall in the next 30 minutes if the trend remains steady.
continuous subcutaneous insulin infusion [CSII] ) show that patients guided by their own experience often make very significant insulin dose adjustments based on the visible trend arrows that go well beyond these recommendations. These studies, which are based on self-reported survey responses by people with diabetes, reveal that an upward trend arrow might prompt an insulin dose increase of more than 100%, whereas a downward trend arrow might result in an insulin dose reduction of only up to 50%. 25, 26 Consequently, recommendations by Pettus/Edelman and Scheiner were developed in which a defined glucose concentration value was added or subtracted to adjust the current glucose level, depending on the trend arrow displayed. The individual correction rule is then applied to the calculated value (Table 3 ). This requires mathematical skills and some level of numeracy on the part of the patients and can create additional burden. 13, 27 Calculating the right dose of insulin for boluses has been shown to be complex, burdensome and sometimes difficult for people with diabetes in studies regarding the use of bolus calculators. [28] [29] [30] Klonoff/Kerr developed a simpler model for using the ROC information represented by trend arrows: it assumed that glucose levels will rise or fall depending on the trend information by 67 mg/dL (3.7 mmol/L), 112 mg/dL (6.2 mmol/L), or at least 135 mg/dL (7.5 mmol/L) within the next 45 minutes. An easy to apply addition or subtraction formula for correcting the insulin bolus is then indicated by the model: either 1, 1.5, or 2 insulin units depending on the trend arrow information. 14 This simplifies the calculation of the insulin dose but may only apply to certain groups of patients as it does not take into account patient-specific factors such as their individual insulin regimen, their insulin sensitivity or other clinical features.
Laffel/Aleppo also suggest an adjustment based on insulin units, but also determined by different levels of insulin sensitivity, separated into children and adults. This can be more easily adjusted to the requirements of the patients' individual insulin therapy.
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Suggestion for Further Simplification of Trend Arrow Information
The authors are a German expert group and have developed an interpretation matrix for trend arrows with associated treatment-adjustment recommendations that are presented in the following tables (Tables 4-6 ). Based on the trend arrow ROC definitions of the individual CGM systems, recommendations for action for the different trend arrow displays were developed, based on five different baseline glucose levels (in accordance with international recommendations) 8 and on individual insulin-sensitivity (correction factor). This is important to ensure that valuable information from the trend arrows can be used by as many CGM users as possible, not only those who are most technically oriented. This can therefore help users to see even better the benefit from the core features of CGM systems compared to SMBG, dynamic versus static presentation.
The authors have established this interpretation matrix based on the expert consensus by Laffel/Aleppo, as they recommend specific adjustments of insulin dosing with absolute values. Those are grouped according to insulin sensitivity, but independent of the glucose level. 11, 14 In contrast, the present recommendations include differentiated adjustments with respect to different baseline glucose levels <70 mg/dl (<3.9 mmol/l), 70-180 mg/dl (3.9-10 mmol/l), 180-250 mg/dl (10-13.9 mmol/l), and >250 mg/dl (>13.9 mmol/l). Depending on the actual glucose level, recommendations for adjusting the insulin dose in response to a specific glucose trend arrow display will differ according to the glucose level. Consequently, the specific recommendation might differ depending on whether glucose levels are elevated or are within target range.
The interpretation matrix is presented in a color-coded scorecard format for three patient groups: T1D (Table 4) , insulin-dependent T2D (Table 5) , and children/adolescents with T1D (Table 6 ). Each scorecard includes the following elements: Illustrative examples:
The baseline glucose level of a T1D (Table 4) user is 100 mg/dL (5.6 mmol/L). The CGM device (Dexcom G4/G5/G6) shows two vertical upward trend arrows, meaning that the anticipated rise in the glucose level is <3 mg/dL (0.2 mmol/L) per minute. The correction factor set for the patient is 40 mg/dl (2.2 mmol/lcolumn 25-<50). The treatment recommendation indicated by the scorecard: injection of 2.5 insulin units. 2. The baseline glucose level for an insulin-dependent T2D user (Table 5) is 100 mg/dL (5.6 mmol/L) and is thus in the range of 70-180 mg/dL (3.9-10 mmol/L). The CGM device (Abbott FreeStyle Libre) shows a vertical downward trend arrow, meaning that the anticipated fall in the glucose level is >2 mg/dL (>0.1 mmol/L) per minute. The correction factor set for the patient is 20 mg/dl (1.1 mmol/l-column >10-<30 mg/dl (>0.6-<1.7 mmol/l). The treatment recommendation indicated by the scorecard: reduction in the insulin dose by 3 insulin units.
Regardless of the trend arrow information displayed, it must be understood that another correction should not be performed within 90 minutes and if possible not within two hours following the previous insulin injection. Any further corrections to glucose values should take into account the individual glucose variability that each user experiences and their tendency toward hypoglycemia, as well as their frequency of glucose monitoring after a correction has been performed. 
What Else Also Has to Be Noted?
In case of a strong falling or rising trend, the expected glucose value after 30 minutes may be considerably lower or higher than the glucose value which has been used as a basis for insulin calculation. Accordingly, it would make sense to incorporate this anticipated trend into the calculated mealtime insulin dose or a correction dose in addition to the observed current glucose value. This dynamic adjustment of insulin doses for mealtimes and for correction doses approximately 2 hours postprandial are applicable for patients on CSII and on MDI. CSII users have different options for modifying the amount of insulin they need according to the trend arrows (temporary basal rate and different types of bolus). If the CSII system has a predictive low glucose suspend feature, patients can use the proposed scorecard with a rising trend, whereas they should primarily rely on the automatic pump suspend to avoid hypoglycemia with a falling trend. When adjusting the treatment, there are a number of other factors that must always be taken into account in addition to the rate of glucose change, including: individual variability in insulin sensitivity, meal composition (carbohydrate, protein, and fat) and portion sizes, possible physical activity, medications, stress levels, and other preexisting medical conditions must also be considered. All these factors can affect glucose levels and thus complicate the interpretation of trend arrow information. 13 If ketones have been confirmed, the proposed maximal correction factor should be applied, independent of the displayed trend arrow information.
Correct interpretation of the CGM information displayed and an appropriate response to this interpretation by the user are the foundation for making the right treatment decisions. Structured training is an essential prerequisite to ensuring that patients get the most benefit from their CGM systems and in Germany this is mostly a requirement before starting on CGM. In order to make sure that training is available in a standardized and quality-assured format, there are now a number of different training programs available (eg, SPECTRUM, Flash). 31, 32 In addition to such a training, the recommendations made here are intended to enable CGM users to interpret CGM data and trend arrows in a way that is relevant for their own treatment. Previous recommendations for treatment adjustment that are guided by trend arrows do not always seem to be practical or they require a certain level of numeracy. The solutions offered by these prior recommendations do not take into account either the current baseline glucose levels or the individual's insulin sensitivity. In addition, applying previously proposed recommendations involved making calculations that are too complex for many patients, or the increments between the suggested treatment options are too broad.
With the treatment adjustments based on trend arrows that we propose here, we think it will be possible to make more rapid, easier, safe, and practical use of the information provided by CGM, which also takes into account the individual requirements of insulin therapy at different glucose levels for people with diabetes. This might better enable CGM users to avoid short-term instability in their glucose levels and helps them to better manage their longterm glucose control. It should be noted that trend arrows displayed in non-medically approved applications are out of scope for this discussion.
Conclusion
Users of CGM devices receive continuous feedback about their current glucose levels, alongside retrospective information provided by trend arrows that helps them to assess both the direction and the rate of change of glucose at any given time. This gives them the opportunity to closely monitor changes in their glucose control and to proactively influence them. However, across different CGM systems there is a lack of a standardized protocol for interpreting their current glucose readings in the context of the information provided by the trend arrows. As well as harmonizing and standardizing CGM systems, an important goal is also to provide all CGM users with an easily implementable method for interpreting trend arrows as genuine tools for making treatment adjustment decisions. By presenting our own recommendations for action in a clear, color-coded, tabular format, we aim to provide CGM users with a personalized and simplified system of scorecards for daily use. Both the framework for the contents and the practical application of this matrix for interpreting trend arrows should, however, be confirmed in scientific studies, as is planned in an investigator-initiated study. 
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